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(54) BATTERY 
(57) Abstract : 

PROBLEM TO BE SOLVED: To provide a battery of high capacity capable of 
charging and discharging using a sulfur-based positive electrode active 
material. 

SOLUTION: The positive electrode of this battery uses an active material 
consisting of nickel sulfide expressed by NiSy (y>1.0). The positive 
electrode has a black mix layer formed on at least one surface of its 
positive electrode collectorand the black mix containing nickel sulfide 
expressed by NiSya conductive substance and a binder is shaped in a thin 
film so that the black mix layer is formedwherein the thickness of the 
positive electrode black mix layer should preferably be 5-200 i± m. 



CLAIMS 



[Claim(s) ] 

[Claim 1]A cell comprising: 

An anode which uses as an active material nickel sulfides shown by 
general formula NiS y (the inside of a formulay>=l. 0) . 
A negative electrode. 
An electrolyte. 



[Claim 2]The cell according to claim 1 which an anode forms a positive 
electrode mixture layer in at least one field of a positive pole 
collectorand forms positive electrode mixture in which the above- 
mentioned positive electrode mixture layer contains nickel sulfides and 
a conductor which are shown by general formula NiS y and a binder filmy. 
[Claim 3]The cell according to claim 2 whose nickel sulfides in which a 
presentation of each ingredient in positive electrode mixture is shown 
by general formula NiS y are 50 to 95 % of the weightwhose conductor is 1 
to 40 % of the weight and whose binder is 1 to 30 % of the weight. 
[Claim 4]The cell according to claim 2 whose thickness of a positive 
electrode mixture layer is 5-200 micrometers. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the cell which uses 

nickel sulfides as positive active material. 

[0002] 

[Description of the Prior Art] In connection with the rapid expansion of 
the portable type electron device in a commercial scenethe demand to 
highly-ef f icient-izing of the cell used as the power supply becomes 
increasingly stronghoweveron the other handdevelopment of a more 
environment-friendly cell is called for. In such a situationas positive 
active material of a nonaqueous secondary batteryan environmental impact 
is small and the expectation for sulfur (sulfur) which is moreover high 
capacityor its derivative is growing by low cost. 
[0003] If 2 electronic reactions of this sulfur can be used by a 
cellelement sulfur will serve as an active material which has a big 
energy density called 1675 mAh/g theoretically. Howeversince sulfur is a 
high insulating insulatorthe actual condition is that need to make 
sulfur and an electric conduction auxiliary agent without reactivity 
live together in large quantities in the alkaline metal-sulfur cell 
using the reduction reaction to an alkaline metal sulf idetherefore only 
a low capacity factor is acquired actually. Sulfur is lacking in 
reversibilitymoreoversince sulfur under an elevated temperature and its 
derivative have high activitythere is a problem that a cell case etc. 
are eroded and it is said that the application to a noncommercial sized 
cell is difficult. 



[0004]Howevervarious organic sulfur compounds which have a high energy 
density called 400 - 1600mAh are proposed as a rechargeable battery 
material in recent yearslt is announced that SUKOTAIMU (Skotheim) and 
others developed the sulfur system nonaqueous secondary battery in which 
high capacity is shown also under a room temperature (the Patent 
Publication Heisei No. 514128 [ 11 to ] gazettea U.S. Pat. No. 5441831 
specif icationetc. ) . Howevermainly it has an S w (w is three or more) 
segmentand in connection with a repetition of charge and dischargesulfur 
is cut from a moleculeand dissolves into an electrolysis solutionand 
these organic sulfur compounds become a factor lacking in the stability 
of an electrodeandunder the present circumstancesare difficult to put in 
practical use. 

[0005] On the other handinorganic sulfur compoundsfor examplecopper 
sulfidean iron sulfideiron disulf ideetc. are used as positive active 
material of a primary battery from the former. Howeveralthough these 
inorganic sulfur compounds are used as a Plastic solid and are 
conventionally used as an anodethey collapse easily by repetition of 
charge and dischargeand have not resulted in utilization in a 
rechargeable battery. 
[0006] 

[Problem(s) to be Solved by the Invention]This invention solves the 
problem about the above conventional sulfur system positive active 
materialand finds out the positive active material in which charge and 
discharge are possible by a sulfur systemit is high capacity and an 
object of this invention is to provide the cell in which charge and 
discharge are possible. 
[0007] 

[Means for Solving the Problem] This invention solves an aforementioned 
problem by using nickel sulfides shown by general formula NiS y (the 
inside of a formulay>=l. 0) as positive active material. 
[0008] 

[Embodiment of the Invention] In this inventionthe nickel sulfides used 
as positive active materiallt is a compound shown by general formula 
NiS y (the inside of a formulay>=l. 0) and y is one or more number sAl though 
not required in particular except itif y becomes large too mucha 
sulphuric (S) segment will be easily eluted to an electrolysis 
solutionSince there is a tendency for a cycle characteristic to fall 
when y is too smallas nickel sulfides shown by general formula NiS y the 
thing of y= 1-10 within the limits is preferredthe thing of y= 1-5 
within the limits is more preferredand the thing of y= 1-3 within the 
limits is still more preferred. Although the nickel sulfides shown by 



this general formula NiS y are mainly granular materials and that size in 
particular is not requiredO. 1-10 micrometers is preferred. 
[0009] An anode to the nickel sulfides shown by the above-mentioned 
general formula NiS y for example. If needed A powdered or fibrous 
conductorMake a solvent distribute the positive electrode mixture which 
added the binder etc. and was mixedand a positive electrode mixture 
content paste is prepared (since it is made to dissolve in a solvent 
beforehanda binder may be mixed with the nickel sulfides etc. which are 
shown by general formula NiS y which is positive active material) The 
obtained positive electrode mixture content paste is applied to positive 
pole collectorssuch as aluminium foilit driesa positive electrode 
mixture layer is formedand it is produced by passing through the process 
of carrying out pressingif needed. Howeverthe manufacturing method of an 
anode is good by other methodswithout being restricted to the method of 
the above-mentioned illustration. Things other than the nickel sulfides 
and the conductor which are shown by the above-mentioned general formula 
NiS y and a binder can also be made to contain in positive electrode 
mixture from the first. 

[0010]Howeveras mentioned aboveonce make positive electrode mixture a 
paste and the positive electrode mixture content paste is applied to a 
positive pole collectorlt driesand when producing an anode through the 
process of forming and carrying out pressing of the positive electrode 
mixture layera positive electrode mixture layer can be formed filmy and 
the characteristic of the nickel sulfides shown by the general formula 
NiSy can be demonstrated more suitably. 

[001l]As thickness of the above-mentioned positive electrode mixture 
layernot less than 5 micrometers is preferredand not less than 10 
micrometers is more preferredand 200 micrometers or less are 
preferredand 100 micrometers or less are more preferred. That isit is 
the high capacity which the nickel sulfides shown by the general formula 
NiSy by the thickness of a positive electrode mixture layer being not 
less than 5 micrometers haveand the outstanding characteristic that 
charge and discharge are possible can be demonstrated properlyHigh 
service capacity is securable by using 200 micrometers or less. 
[0012]As the above-mentioned conductorfor examplethey are suitably used 
by a carbon materiala conductive polymeretc. like black lead and carbon 
blackand as the above-mentioned conductive polymerFor examplethe 
derivative etc. which have side chainssuch as polymer which has 
conjugate structuressuch as poly acenepolyacethylenepoly anilineand 
polypyrrolethose methylbutyland benzylare used suitably. As the above- 
mentioned binderfor example And polyvinylidene f luorideFormless 



polyetherpolyacrylamidestarch like celluloseor the derivative of 
sugarThe compound etc. which are formed by the copolymer of poly aniline 
and polypyrrole which have solubilityor those compoundsor bridge 
construction are mentioned to latex of a rubber systemand a solventAs 
for these bindersit is preferred that it is a high molecular compound 
which has stable and strong adhesive strength chemically to positive 
active material. 

[0013]The nickel sulfides of a binder in which the presentation of the 
nickel sulf idesconductorand binder which are shown by the general 
formula NiSy in positive electrode mixture is shown by the general 
formula NiSy are [ a conductor / 1 to 30 % of the weight ] preferred one 
to 40% of the weight 50 to 95% of the weight. The nickel sulfides shown 
by the general formula NiSy as mentioned aboveAlthough 50 to 95 % of the 
weight is preferred in positive electrode mixturethis carries out the 
nickel sulfides shown by the general formula NiSy to 50% of the weight 
or moreand secures high capacitylt is for keeping high the capacity 
factor of the nickel sulfides shown by the general formula NiSy by 
carrying out to 95 or less % of the weightand as content in the positive 
electrode mixture of the nickel sulfides shown by this general formula 
NiSy70 to 90 % of the weight is more preferredand 80 to 90 % of the 
weight is still more preferred. 

[0014] Although 1 to 40 % of the weight is preferred as for the content 
in the positive electrode mixture of a conductorif required conductivity 
is securablethis conductor is preferred when few directions attain high 
capacity-izationand its 1 to 15 % of the weight is more preferred. 
[0015]As the above-mentioned positive pole collectoralthough the foil of 
metalsuch as aluminumnickelcopperand stainless steela punched metalan 
expanded metala netetc. can be used for exampleespecially aluminium foil 
is preferred. 

[0016]As an active material of a negative electrodefor example Alkaline 
metalssuch as lithium and sodiumAlloyssuch as alkaline-earth metalssuch 
as calcium and magnesiumthemand aluminumBlack leadpyrolyt ic 
carboncorksglassy carbonthe baking body of an organic polymer 
compoundCarbonaceous materialssuch as meso carbon micro beadscarbon 
f iberactivated carbonand graphiteThe oxide containing tin (tin) or 
silicon (silicon) the nitrogen compound of lithium cobaltThe polymer 
which has conjugate structuressuch as poly acenepolyacethylenepoly 
anilinea polythio finand polypyrroleand those methylThe conductive 
polymer etc. which consist of a derivative etc. which have side 
chainssuch as butyl and benzylcan be usedand a dopethe carbonaceous 
material which can be dedopedetc. are preferred in especially lithiuma 



lithium alloyand a lithium ion. 

[0017] The manufacturing method of a negative electrode is divided 
roughly into the following two by the kind of negative electrode active 
material to be used. For examplewhen using metal and an alloy as 
negative electrode active materialthe method of sticking metal and the 
alloy of negative electrode active material to the negative pole 
collector which consists of metal porous bodiessuch as a wire 
gauzeexpanded methyland a punching metalby pressureand producing a 
negative electrode is adopted. When using a carbonaceous material etc. 
as negative electrode active materialThe same binder as the case of an 
anode is added to the negative electrode active material which consists 
of the above-mentioned carbonaceous material etc. if neededMixprepare 
negative electrode mixturemake a solvent distribute itand it is made a 
paste (since it is made to dissolve in a solvent beforehanda binder may 
be mixed with negative electrode active material etc. )The obtained 
negative electrode mixture content paste is applied to the negative pole 
collector which consists of nickel foilcopper foiletc. it driesa negative 
electrode mixture layer is formedand it is produced by passing through 
the process which carries out pressing if needed. Howeverthe 
manufacturing method of a negative electrode is good by other 
methodswithout being restricted to the method of the above-mentioned 
illustration. 

[0018]As an electrolytea liquid electrolyte (henceforth an "electrolysis 
solution") a gel polymer electrolyteetc. are used suitably. 
[0019]As the above-mentioned electrolytef irstwhen it explains from an 
electrolysis solutionan electrolysis solution is constituted by 
dissolving electrolyte saltsuch as lithium saltin a solvent component. 
[0020]As a solvent component of an electrolysis solutionetheresterand 
carbonate are used suitably. It is preferred to mix and use ester 
especially with a high dielectric constant (dielectric constant of 30 or 
more). As ester with such a high dielectric constantfor example Ethylene 
carbonateSulfur system estersuch as propylene carbonatebutylene 
carbonategamma-butyrolactoneand an ethylene glycol ape fightetc. are 
mentionedespecially annular ester is preferredand cyclic carbonatesuch 
as ethylene carbonateis especially preferred. 

[002l]As a solvent componentbesides the above-mentioned solventfor 
example Dimethyl carbonateChain trialkyl phosphatesuch as chain alkyl 
estersuch as diethyl carbonatemethylethyl carbonateand methyl 
propionateand trimethyl phosphateetc. can be usedln additions- 
dime thoxye thane 13-dioxolanea tetrahydrofuran2-methyl- 
tetrahydrofurandiethyletheretc. can be used. Sulfur system organic 



solventssuch as an amine system or an imide series organic solventand 
sulfolaneetc. can be used. 

[0022]Since the fall of a cycle characteristic can be controlled even 
when a negative electrode mixture layer is formed with high densityin 
order to attain high capacity-ization if the compound which has a C=C 
unsaturated bond as an additive agent is added in an electrolysis 
solutionit is desirable. As a compound which has such a C=C unsaturated 
bondMorethe compound fluorinated especially is preferredand what has an 
ester bond further is preferredand as the suitable exampleFor examplethe 
ester which has C=C unsaturated bondssuch as H(CF 2 ) 4 CH 2 00CCH=CH 2 and 
F(CF 2 ) 8 CH 2 CH 2 OOCCH=CH 2 is mentioned. 

[0023]As electrolyte salt dissolved in the above-mentioned solvent 
componentthe haloid salt of alkaline-earth metalssuch as alkaline 
metalssuch as lithium and sodiumand magnesiumor a perchloratethe salt of 
the fluorine-containing compound which makes trifluoro methanesulfon 
acid chloride representationetc. are used suitably. As an example of 
such electrolyte saltfor example LiFLiClLiC10 4 Mg (C10 4 ) 
2 LiPF 6 LiBF 4 LiAsF 6 LiSbF 6 LiCF3S0 3 LiC 4 F 9 S03LiCF 3 C0 2 Li 2 C 2 F 4 (S0 3 ) 2 LiN (Rf S0 2 ) 
(Rf'S0 2 )LiN (RfOS0 2 ) (Rf ' 0S0 2 )LiC(RfS0 2 ) 3 LiC n F 2n+1 S0 3 (n>=2) LiN (RfOS0 2 ) 2 [ - 
- here — Rf and Rf' — fluoro alkyl group] **** can be mentionedthese 
are independent respectivelyor two or more sorts can be mixed and they 
can be used. And especially as this electrolyte saltwith a carbon 
numbers of two or more fluorine-containing organicity lithium salt is 
preferred. That isit is because anionic is large as for the above- 
mentioned fluorine-containing organicity lithium saltand it is easy to 
carry out ion separationso it is easy to dissolve in the above-mentioned 
solvent component. Although the concentration in particular of the 
electrolyte salt in an electrolysis solution is not limitedits 0. 3 or 
more mol/1 is preferredand its 0.4 or more mol/1 is more preferredand 
its 1. 7 or less mol/1 is preferredand its 1. 5 or less mol/1 is more 
preferred. 

[0024]A gel polymer electrolyte is equivalent to what gelled the above- 
mentioned electrolysis solution by the gelling agent. In the gellingfor 
example Straight-chain-shape polymer or those copolymerssuch as 
polyethylene oxide and polyacrylic nitrilThe polyfunctional monomer 
polymer-ized by the exposure of active lightsuch as ultraviolet rays and 
an electron beam, for examplepentaerythritol tetraacrylate and 
ditrimethylolpropanetetraacrylate. Ethoxylation pentaerythri tol 
tetraacrylatedipentaerythritol hydroxy pentaacrylateThe monomer etc. 
which are polymer-ized using the reaction of the active hydrogen of the 
acrylate of four or more organic f unctionssuch as dipentaerythritol 



hexaacrylateand the above-mentioned acrylatethe same methacrylate of 
four or more organic functionsetc. and an amine compound and the 
isocyanate group of urethane are used. Howeverin the case of a 
monomerthis monomer remains as it isand does not become a gelling 
agentbut the polymer which polymer-ized them acts as a gelling agent. 
The gel polymer electrolyte which comprises polymerthe electrolyte 
saltand the nonaqueous solvent which have the urea structure polymer- 
ized as mentioned above especially as this gel polymer electrolyte using 
the reaction of the active hydrogen of an amine compound and the 
isocyanate group of urethane is used suitably. 
[0025] 

[Example] Belowan example is given and this invention is explained more 
concretely. Howeverthis invention is not limited only to those examples. 
In the following examplesespecially % that shows % which shows the 
concentration of a solution or dispersion liquida presentationetc. 
expresses weight %unless the standard is written in addition. 
[0026]As example 1 positive active materialthe nickel sulfide (NiS) 
which is equivalent to y= 1 in general formula NiS y is usedAfter putting 
the nickel sulfide 15gand this 2. 7 g of graphite and 0. 3 g of acetylene 
black into the mixing vessel and mixing for 10 minutes by dry typel5 ml 
of N-methyl-2~pyrrolidone was addedand it kneaded for 30 minutes. 
Subsequent lythe N-methyl-2-pyrrolidone solution 16. 7g which contains 
polyvinyl idene fluoride 12% was addedit kneaded for further 1 hourand 
the positive electrode mixture content paste was prepared. 
[0027]The obtained positive electrode mixture content paste is applied 
to the positive pole collector which consists of 20-micrometer-thick 
aluminium foil (size: 250 mm x 220 mm) After drying for 10 minutes on a 
100 ** hot platehaving carried out vacuum drying at 120 more ** for 10 
hoursremoving N-methyl-2-pyrrolidone and forming a positive electrode 
mixture layerpressing was carried out at ordinary temperaturethe 
thickness of the positive electrode mixture layer was adjusted to 20 
micrometersand it was considered as the anode. 

[0028] The negative electrode carried 100-micrometer-thick metal lithium 
foil on the nickel network (size: 250 mm x 220 mm) in argon gas 
atmospherepressurized it with the rollerand was produced by sticking 
metal lithium foil to a nickel network by pressure. 

[0029]The electrolysis solution used for the mixed solvent of the volume 
ratio 1'2 of ethylene carbonate and methylethyl carbonate the solution 
which carried out the 1. 2 mol/1 dissolution of the LiPF 6 . 
[0030]And the above-mentioned anode and a negative electrode are 
laminated in argon gas atmosphere via the separator which consists of a 



25-micrometer-thick microporous polyethylene filmAfter putting the 
laminated electrode body into the packed body of the couple which 
consists of a three-layer laminate film of a nylon film aluminium foil- 
modif ied-polyolef in-resin film and pouring in the above-mentioned 
electrolysis solutionthe nonaqueous secondary battery which is sealed 
where a terminal is pulled out from an anode and a negative 
electroderespectivelyand is shown in drawing 1 was produced. 
[0031] If the nonaqueous secondary battery shown in drawing 1 is 
explained herethe anode 1 will form the positive electrode mixture layer 
lb which uses a nickel sulfide (NiS) as an active material in one field 
of the positive pole collector la which consists of aluminium foilThe 
negative electrode 2 sticks metal-lithium-foil 2b to one field of the 
negative pole collector 2a which consists of a nickel network by 
pressureThese anodes 1 and negative electrodes 2 are laminated via the 
separator 3 which consists of a microporous polyethylene filmlt is 
accommodated in the packed body 4 and 4 of the couple which consists of 
a three-layer laminate film of a nylon film aluminium foil-modif ied- 
polyolef in-resin filmThe aforementioned electrolysis solution is poured 
in into the packed body 4 and 4the positive pole terminal 5 is pulled 
out from the anode land it sealswhere the negative pole terminal 6 is 
pulled outand the nonaqueous secondary battery comprises the negative 
electrode 2. 

[0032] If this is explained in more detailin lamination with said anode 1 
and the negative electrode 2Via the separator 3as the positive electrode 
mixture layer lb of the anode 1 and metal-lithium-foil 2b of the 
negative electrode 2 counterthey are laminatedThe packed bodies 4 and 4 
of two sheets which consist of a three-layer laminate film of a nylon 
film aluminium foil-modif ied-polyolef in-resin filmlt is arranged so that 
those modif ied-polyolef in-resin films may face mutuallyand thermal 
melting arrival of the joined part is carried outand he is trying for 
the inside of a cell to be in a sealed state. And one end of the 
positive pole terminal 5 is connected to the positive pole collector 
laand the end of another side is pulled out by the battery exterior 
through a part of joined part of the packed bodies 4 and 40ne end of the 
negative pole terminal 6 is connected to the negative pole collector 
2aand the end of another side is pulled out by the battery exterior 
through a part of joined part of the packed bodies 4 and 4. This drawing 
1 shows the nonaqueous secondary battery of Example 1 typical lyand the 
ratio of the thickness of each member is not necessarily exact. 
[0033]Charge and discharge were performed with the current value which 
is equivalent to per [ positive-active-material lg / 60 and 120 ] and 



240 or 600 mA in the cell of the above-mentioned Example 1 (the final 
voltage of discharge is 1.0V)5 cycle repetition and its service capacity 
were measured for thisand the service capacity per unit weight of 
positive active material was investigated. The result is shown in Table 
1. Howeverservice capacity of 1 cycle eye is made into initial 
capacityand Table 1 shows the service capacity of 5 cycle eye as 
capacity of 5 cycle eye. 
[0034] 
[Table 1] 

[0035]As shown in Table lalso in any whose current values of per 
positive-active-material Ig are 60 mA120 mA240 mAand 600 mAthe cell of 
Example 1 has high initial capacityand is high capacity. 
The capacity of 5 cycle eye was also highand even if it repeated charge 
and discharge by the high current of 600 mA/gthere was little 
degradation of capacity. 

[0036] Except having replaced with the comparative example 1 nickel 
sulfide (NiS)and having used copper sulfide (CuS) as an active 
material the anode was produced like Example 1 and the nonaqueous 
secondary battery was produced like Example 1 except having used the 
anode. 

[0037]The charge and discharge of the cell of this comparative example 1 
were carried out under the same conditions as Example land the service 
capacity of 1 cycle eye and 5 cycle eye was measured. The result is 
shown in Table 2 with the same method of presentation as the case of 
Example 1. 
[0038] 
[Table 2] 

[0039]As shown in Table 2compared with the cell of Example 1 which shows 
that measurement result in Table 1 of what is high capacity in 530 or 
more mAh/gthe capacity of initial capacity of 5 cycle eye was smalland 
the cell of this comparative example 1 lacked the fitness as a 
rechargeable battery. 

[0040]Except having changed the thickness of Example 2-6 positive 
electrode mixture layers into 5 micrometersSO micrometerslOO 
micrometersand 200 micrometersthe anode was produced like Example 1 and 
the nonaqueous secondary battery was produced like Example 1 except 



having used those anodes. 

[004l]Charge and discharge were performed with the current value which 
is equivalent to 120 mA perg of positive active material in the cell of 
these Examples 2-6 (the final voltage of discharge is 1.0V)and the 
service capacity of 5 cycle repetition and its 1 cycle eye and the 
service capacity of 5 cycle eye were measured for this charge and 
discharge. The result is shown in Table 3 with the same method of 
presentation as the case of Example 1. 
[0042] 
[Table 3] 

[0043]As shown in Table 3it had high initial capacityand even if the 
capacity of 5 cycle eye was also high and the positive electrode mixture 
layer became thick to 200 micrometersa big fall was not observed in the 
capacity factor of positive active materialbut each cell of Examples 2-6 
showed that high capacity was obtained. 

[0044]After putting the example 7 nickel sulfide 15g2. 7 g of graphite 
and 0. 3 g of acetylene blackand 0. 8 g of carboxymethyl cellulose into 
the mixing vessel and mixing for 10 minutes by dry typel5 ml of pure 
water was added and it kneaded for 30 minutes. Subsequentlythe 
polytetraf luoroethylene dispersion liquid 2. Og of 60% of solid content 
were addedit kneaded for further 1 hourand the positive electrode 
mixture content paste was prepared. Except having used this positive 
electrode mixture content pastethe anode was produced like Example 1 and 
the nonaqueous secondary battery was produced like Example 1 except 
having used that anode. 

[0045]When charge and discharge were performed with the current value 
which is equivalent to 120 mA perg of positive active material in the 
cell of this Example 7 (the final voltage of discharge is 1.0V)the 
service capacity of 5 cycle eye was measured and the service capacity 
per positive-active-material unit weight was calculated from itthey were 
583 mAh/g and high capacity. 

[0046] Examples 8-12 — that from which y value of the nickel sulfides 
shown by general formula NiS y differs is compoundedand these Examples 8- 
12 estimate the characteristic as those positive active material. 
[0047]Composition of the nickel sulfides shown by the general formula 
NiS: 60 g of nine hydrates (Na 2 S. 9H 2 0) of a sodium sulfide are dissolved 
in the partially aromatic solvent lOOg of ethanol and pure water mixed 
by the weight ratio Inland 10 g of element sulfur was added to thisand 
it was made to react to it under a room temperature for 2 hours. After 



the inside of a vacuum removes a solventa residue is dissolved in 
DMF (NN' -dimethylformamide) 250mland it is a hydrate of nickel nitrate, 
[nickel (N0 3 ) 2 and6H 2 0] 73 g was added and it was made to react under a 
room temperature for 1 hour. Since the pure water lOOg was added and 
settled to thisit centrifuged and the sediment of nickel sulfides was 
obtained. 

[0048]Thenwateracetoneand methanol washed in ordervacuum drying was 
carried out at 40 ** overnightand the brown solid compound 36g was 
obtained. 

[0049] It was NiS 2 ,when ultimate analysis was conducted about the 
obtained compound and the presentation was searched for. y compounded 
the nickel sulfides of 1. 02. 63. Oand 5. Ochanging the mole ratio of 
element sulfur and a nickel nitrate similarly. 

[0050] In combination of the positive electrode mixture of Example 
lnickel sulfides using the above-mentioned nickel sulfides 
75%Polyvinylidene fluoride was made 10%graphite and acetylene black were 
made 15%except having changed the kind of nickel sulfidesas shown in 
Table 5the anode was produced like Example 1 and the nonaqueous 
secondary battery was produced like Example 1 except having used the 
anode. 

[005l]Charge and discharge were performed with the current value which 
is equivalent to 120 mA perg of positive active material in the cell of 
these Examples 8-12 (the final voltage of discharge is 1.0V)and the 
service capacity of 1 cycle eye and the service capacity of 5 cycle eye 
were measured. The result is shown in Table 4 with the same method of 
presentation as the case of Example 1. 
[0052] 
[Table 4] 

[0053] Each cell of Examples 8-12 was high capacityand charge and 
discharge were possible for it so that clearly from the result shown in 
Table 4. Examples 8-11 which have y value of general formula NiS y within 
the limits of 1-3 had the good characteristic especially. 
[0054] In combination of the positive electrode mixture of 13 to example 
18 Example lmake polyvinylidene fluoride 10% and the weight ratio of 
graphite and acetylene black is set to 9:lThe content in the positive 
electrode mixture of the nickel sulfide (NiS) of the conductor and 
positive active material which comprise this graphite and acetylene 
black is changed so that the content of a conductor may become a value 
shown in Table 5Except itthe anode was produced like Example 1 and the 



nonaqueous secondary battery was produced like Example 1 except having 
used the anode. 

[0055]Charge and discharge are performed with the current value which is 
[ Examples / 13-18 / these ] equivalent to 120 mA perg of positive 
active material in a cellrespectively (the final voltage of discharge is 
1.0V)The service capacity per positive-active-material unit weight of 
the 1 cycle eye and 5 cycle eye is investigatedand the result is shown 
in Table 5 with the same method of presentation as the case of Example 1. 
[0056] 
[Table 5] 



[0057] Incidentallythe initial capacity at the time of not blending a 
conductor at all was 308 mAh/gthe capacity of 5 cycle eye was 272 
mAh/gand initial capacity and the capacity of 5 cycle eye of the cell of 
Examples 13-18 which blended the conductor compared with this were high. 
Although the big fall of the capacity of per positive-active-material lg 
is not accepted even if it raises the content of the conductor in 
positive electrode mixture to 40%if the content of the conductor in 
positive electrode mixture increasesSince the content of positive active 
material falls that much and the capacity as a cell fallsit is thought 
that it is more preferred to add just over or below 5 to 15% in positive 
electrode mixture as for a conductor. 

[0058] Although investigating the service capacity of 5 cycle eye etc. 
evaluated the nickel sulfides shown by general formula NiS y by the 
above-mentioned example as positive active material of a rechargeable 
battery and it was shown in it that charge and discharge are possibleThe 
nickel sulfides shown by the above-mentioned general formula can be used 
also as positive active material of a primary batteryand the cell of 
high capacity is obtained in that case. 
[0059] 

[Effect of the Invention]As explained abovein this inventionit is high 
capacity and the cell in which charge and discharge are possible was 
able to be provided. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is a sectional view showing typically an example of the 
nonaqueous secondary battery concerning this invention. 



[Description of Notations] 

1 Anode 

la Positive pole collector 

lb Positive electrode mixture lay 

2 Negative electrode 

2a Negative pole collector 
2b Metal lithium foil 

3 Separator 

4 Packed body 

5 Positive pole terminal 

6 Negative pole terminal 
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(57) 

ts^z. ±miEm(ovs^)mtLT. -ssitN \ s y & 

tpx y2:i. 0) T-/^*n*— •;/$-;HBMb%i*JBi/'S. 
±IBIEgil*IE<II*l:<*tf>'J>& < it-^DaicIEfil^SiJ 

i s y 7s^ti^--y j rtvmmtm'mwtJU>^- 

$L<. -€-<DiE<i^-8iJM©J?^i5~2 0 0Mm 



/ib) 1 3 4 
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mmmi) -ssitN » s y (it<*\ y^i. o) t* 

m&m 2 ] m®&jE®mmw<D'pi3: < .tt-^oas 
n i s y T'^n^-v^fomtqnt.mnwtiu^v 

i Sy T^*ftS=V^I/8Hb*W*5 0~9 5SS% 
T\ mwmt 1 ~4 Ofi*%T\ /t-r 1 ~3 o 

[|f*Ji 4 ] iE!(l^§"JJl<DJl*-tf 5 ~ 2 0 0 p ml* 

zmmm2tz®,v>w. : i&, 

[000 1] 
[0 0 0 2] 

[0003] z<o-i'^'y<D—m : i-iR^m^TmmT^ 

Slt6*ltCt*7Elg-r*^« 1 675mAh/g 

Stttf Sl^ifr. ^;te>r-X& £ ibMlA* ft£ <!: 0>5 HI 

[0 0 0 4] LfrU ifi^l*. 4 0 0~1 6 0 0mAh 
tl^ia^i*;U*-SJs£WT£*I*^^*^fb 
^#=*«SlM*Bi:LT«3S*tU XU^A (S k 
otheim) SliMSTTtgl^a^'T'l':*'^ 
**35e*»*IB*Lfet«SiLTt'»* mm.w-i 1- 
5 14128^16.. TRU^ms, 44 1, 83 1? 

mmmni:) . l#u cnearngs-r^-iMb^iii, 
?Ettmw«i y si u icwm*? e>mm^ nxm 



[ooos] -is. 

tf. mum. mt». =itiiiitmteiiir-2iw.7«i<DJE®7£ 

TliJIfBfblcMoTt^lA. 
[0 0 0 6] 

[0 0 0 7] 

[iSa*^;*-r^fc460)#IS] -SSitN i S 

y (SC<t>, y^l. 0) TvT^n^--y^U^b15S^IE 

[00 0 8] 

Tm^-'y^UEiHbl&l*. —ISSN i S y (it*, y 
^ 1 . 0) -PCT?n«fl:£1to?S »K y li 1 J-X-tcoi* 
T\ *:hJK*l*Wlc»R&ri&l^ft. y tir 

a r *tw»*i=-f*'? (s) co-t^w b&m&LVT 

SfilpJ^^Cltfre. — f®5£N i Sy T-SJtli-V 
'rfrWiitVllt LTlt. y = 1 ~ 1 0©®HF»grot,G)6W 
JL<, y= 1 ~5<D®Hrt<£t>«Dtf<fcyj!?2:L<, y 
= 1 ~3£D®SlF«3©t©tf ; *SlcSf$H-\ flSiC 
N i S y T^*ftS-y<r/Uffi<b4^*£<bLT*8irrx 
*OT<Xl±tt(cm«*tl&l\R. 0. 1~10/imtf 

[0 0 0 9] iE®lt. «5Ltf» ±IB-SS5CN i S y Tif* 

*n*-v^;w«<bttic «b*kjsi:t\ 

IS^N i S y T^^ti^x^ <r^B5 
fb!f!!!l^<t:«b-;i^LTt<l:^) . if StlfclEH^SJ^^ 

^iCn i Sy -sps*ti*z:v^/w»fb«» mmfc iu 

[0 0 10] L^U ±IBWJ:3(c, iE^S"J^— 

— MBCN i SyT^*n«-y5- 
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CO 0 1 1 ] ±IBIEII£&JJICDJf LTliv 5 f/m« 
±#$?$L<. 1 0MmW±3bUy»$L<. £fc, 2 
0 0 /j m«Ttf»$ L < „ 1 0 0 fj mJ-XTtf <£ U if $ L 

lC<fcr?T. — 8§5$N i SyT^tl^- yyyUBSfb^W 

tic -r 3 z. t iz j; o risers* m§«£5H£-r ^^<t 
[0012] ±tmn#t lth. mzii* mm. tj- 

micJBl^etU ±fB#mt£<KU 7-iLTI*> fljx. 
«\ /K'jy-feV, tfyj'-fe^UV, <KU7'-g>. tfy 
fcfP-/l/£ if© * d ftft««3t**fr ^tf'J V— 

&is:£tfwmicm^enz>o ^lt. ±iBcD/\v>#- 

x-^/k ^'jy^'J^SK ■teyl/P-T.CDcfcd&PS 
[0 0 13] iEffi-g-aU^lcfctt*— teiCN i Sy?^ 

ns- y^;w5Wb«B. it*, jw>#-<Dmm*. — 

f&xtN i S yT'^ft&X^/b^fb^ltfS 0~95I 
«%. 1 ~ 4 0 M%> /tYV^-tf1~3 0 

n-S-^^yUSS'fb^lis iEffi'&ai^T'S 0~9 511% 
#»SLC#. dtltt-flSiCN i S yTf,Jti«Z7* 
/WJHfcli* 5 0M*%J-X±lc LTBSfi*«i«U 9 5 

$-;WMbtt<J!>f !IJ19£B < 'A CCD 

— s§itN i s y-em-inz=v*i\smti®)<DiEm-&m*> 

oy^m&tLTte. 7 0~9 Oli'/otfi'JjffK, 
8 0~9 OMo/otf^SKffSLlA, 
[0 0 14] tSmf*WIE^8J*c7)#Wfit*. 1 

~4 0Sa%6W$ LL\b\ C£0^®«sti^fe^tt1± 

±t»* l < . 1 ~ 1 s y ut\ 

[0 0 15] ±IBIESmei*<!: LTl*. ^tf. 7^1/ = 

[0016] nmoysvnntLTit. mmf. m=s-o 



(ommmm. xx m ^tzifr^m mm) ^#t? 

tf'JT'-te^UV, tfiJ7-i)>. #'Jtt7*>. #y 

bf p-;u% <5:£0<t 3 Kmmm* mr y 

5<0*^lk :f*lk ^>->yU^:i:CD{liJ^*-r^SI» 

{*&£>s&£««!fe#y ^-*£*niu»*c £&-? 
[0017] nm<DV?mj5mi.. m^zn&ysmnom 

^;k /\>*>^y*/U&<!:©£il#?lttfrS&3JMI 

465§9Jlc?g^7*--B:Tfc^T6^ 6 Mffi^H* £ <bS^ L 
%££lz&iTmtetlZ>„ TcTcU fkm<Dftm?57£ 

it. ±mm7K<D-y57£Km<bt\&z.£tji<, •teaxfrautj: 

[0 0 18] mM*<bLT^ >S«mfi?» UiTR r® 

^jsj <bt^) ^y^u^y ^-nm»%£tjwmizm^ 

[0 0 19] ±IB^<l?«<bLT. WMfefrZtSlW 

?%>£. nmm*mi&mftiz , j*'yjut&iz£(Dwmnm 
&mm-£^z> z. £ iz j; iTffimz nz>* 
[0020] wmm^mm^£ lti*. x-^jk x 

X^k *-*^-hS35:£!bW®lcffl^Stl^c Wlc 
iSH^cOg^xX^U (iS^3 0W±) ^jg^-L-TS 

i>%:ttf»$Li,\ cco.t^^^aj^xx^yu 
.bLTli. fl»J^.«\ x^U>*-#^- h. ypfcfUV 

h>Af>x^UV-? yp-;U-y-;U7y-r h^iftO-<*^^ 
X7.x;U^:«t*3b^tfen. ^ic^ttcDXX^/UAW^L 

<, £ y tottx^u>*-*^.- httifoattt*-** 

[002 1] ^fc. SJSfiE»<t LTli, ±IB?§iSJ-X^lc 
- ^^>ux^/u*-#^-i-. ^Ptf^->^y^yu 

^:<!:'<D^«c07';l/*/klX7 1 /U^y >K h 'J ^^yU'S: 

if©^« y >^ h y x XT/viz £ *m^z> z £ 

^CD«*\ 1, 2—» h*->x£> x 1, 3— »|-^ 
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□ 77X yiffH-Tlbft £: fcffil^ C <!: #T-* 

[0022] mmmtLTc = c^mm^^m 

«6(Cft««*JJI «««JS(cmfi£ Ltcm-ST-'h -7 >M# 
140<ST : &«]S l J7$^a)T»* LIA, = C 

fdk£»>W3:L<. ^etcxT^/Wg^WT^tO 

H (CF2) 4 CH200CCH = CH2> F (C 
F2) 8 CH2 CH2 OOCCH = CH2 & £' <Z> C = C 

^gafa^^r&x^^utf^kfen*. 

[0 0 2 3] ±fBj§«J«7*K^/B*^*®#ft£<h LT 

m.mm^<omwmt lt«. m*.tf. l i f, l i c 

U L i C I O4 s Mg (C I O4 ) 2 . L i PF 6 , 
L i BF4 , L i AsF6> LiSbF6. L i C F3 
SO3 s L i C4 F9 SO3 , L i CF3 CO2, Li 
2 C2 F4 (SO3 ) 2 - LiN (Rf SO2 ) (R 
f ' SO2) , LiN (RfOS02) (Rf OSO 
2 ) . L i C (Rf SO2) 3> L i C n F 2 n+lS0 3 
(n^2) , LiN (Rf OSO2) 2 CCCTR f t 

ittn^timnTZtctt. 2 mu±m& ltsi^ £ t # 

T££„ ^ LTx Z.O)WRW&t. LTM\ <mci*gt2$2 
«l©t77lti l Jf')i 4 )ii!iW$LL\ ± 

^?tl5t<DT'tt6l^\ 0. 3mo I / I J}(±##£ 
L<. 0. 4 m o I / I i-X±fr<fc y Jff $ L < * $fc. 
1. 7mo I / I L<v 1. 5mol/IW 

[0024] ^utfy^-wsfli*. ±ib@»-^'7 !; ;u 

-ittzz-gm^sv- (0J*.tf\ ^>*xyxyh- 
;b-r h^T^ y u- k h y *m-)is7nji>T h 

777'JU-h, 5**C>$riy*y h-Jl/fc KP*v"^ 
V^T'^y L-- K y^l'JX'JI — il/'\*+t7 , -7 
■J U- b££<DE9'tg£W±CD7'<7 'J U- hfc<£tf±IB7' 



7'ji/-h tmmcDwgtmto)* 5>7uu-h% <t*) 

5 <!: ©SfS^Jffl L-T # 'J it? Z> V-fc <k* tfJB 

$ £ T-^Mk&Jic&^tDTttfc < . *h5*#y ^-<b 
Lfctf y ^-jb^Mkait LTfPffl-t*, Wcz.<D?i\, 

[0 0 2 5] 

[USSflJ] o^lc. ^jffc#J*WT*^££y||<*i$ 

[0 0 2 6] HJ56#J1 
JEHS^fttLT. — ASitN i S y (CJSI^T y = 1 icffi 
m-TZtiMt-vrib (N i S) ^fflt\ COBil'fkx-y'7- 
)H5gt^777-fh2. 7 g tZ-fe? 1 UV?^ •> "7 
0. 3 g ^S^StlKAtU $£5Tri 0#MB£LTjIP 

6 15ml <DN-^^;U-2-t°P'J K>£j£»nLT3 

0 #H£M L/i:„ O^TtK 'J 7 v it t: " 'JfV^U % 
tSt5N-^fJl/-2-k'P'J K>^jSl 6. 7g? 

[0027] m e>nrcmm^nm^-7, h ^j?* 2 0 

/Km(7)7 7 ;l/S "-^/^S (-y-f X : 2 5 Ommx 2 2 0m 

m) frttziEmmmmcmiiiU ioo°c©*<>hx 

U-hO±T1 0»F^^Lfc<D-5. 2 0°CT 

1 0B$F^S^$£jiLTN-p<^;l/-2-tfQy K>*» 

iES^SiJHCDJl^^ 2 0 tumlzmmLTiEmt Lfc, 
[0 0 2 8] Tll'3>13'X'gmm.<PT'm-$ 1 0 

o vmco&mv'f-ous&iz-v'rfrm (-y-rx: 250 

mmx 2 2 0mm) ±lCiE-t£TO— i?— TflDIIELTs ^ 
■ y ^OUWk-^ T)\>m\ZWM?%Z. EiZ*. oTf^S 

[0 0 2 9] ffifSiSW. X^UV*-^- \*t*1->V 

3L=f-)\si3-#*-\*t<owmif\ • 2<D^&mmz. l 

i PF 6 51. 2mol/l »»*-&fc»jS*fflt'»fc. 

[0030] ^lt. ±iEmmtnm^m^2 5 iam<D 

MTLIfeK'J X5 1 b>7-r ibkfrttZ-b/Sls-fZftL 
a^ftlcAns ±IB«li^jS5>iAL/c«. iE^fc.feU 1 
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[00 3 1] dCT\ 01 lC^-r^*-*S>te^O^T 

f*1 aO—fSOmm.it-v'rfr (N i S) *j§ttH£: 
f^iES^SiJill b*»fiBLT*»A tffi2l*Z7^l 

2b£E«LT&'A CftSOIElil £ft«2li«K?U£ 

&£-S<t<DSgtM. 4F*gl;:iR§**U 3ffc. ^OS^ 
#4. 4rtlcliBuIB©®S>S^>±A*ns IES 16 s 6l* 

[0032] zn^^>imL<mmr^t. mziEm 

1 b<b»@2<2#MU^A?l2 b<hJbHrM°U-$ 3£ 



(mA/g) 



6 0 6 0 3 

12 0 5 8 6 

2 4 0 5 9 4 

6 0 0 5 8 4 



[0035] «i icokt&oi^ nmmi ©t^ii> ie 

«SiaHl gMJfc»Jfl!>33itfi#6 OmA. 1 2 0mA, 
2 4 0mA, 6 0 OmAro^-rtllCfc^Tt, «3SE§fi 

<, 6 0 0mA/g<h^5*®5ffiTftfifcm£g&U>ILT 

[0 0 3 6] Jtg^JI 

fifeffc^y^-ju (n i s) tcftATSMtS (CuS) *S 



(mA/g) 



6 0 5 6 4 

12 0 5 7 1 

2 4 0 5 4 6 

6 0 0 5 3 1 



[0039] m 2 ica*r «fc 5 1=» c ourm 1 wm;* 

W\ «]fiB§Sli5 3 0mAh/gJ^±T'^§«TiBSt 



Sftrt»#eHtt8&lEft*«fc3fcLTl'**. ■?• LT\ IE® 
«ff 5©-*©«l»«:jEa««#1 alcmm^tl. ttSft 
©*»BWiS«tt4» 4<DS^gB(D-g)5^iloTm>fe^gP 

alC&t^Tft. •fte^0^a?«ag(*:4. 40>ig^S&©— 

[0 0 3 3] ±tmmffl I <D*%«iE«;£4feK 1 g Mtz 
•J6 0, 1 2 0, 2 4 0. 6 0 0mAicfflm?2>my&M 

-cmsLW.*'^ mn<Di&±wE.it 1 . ov) . cn^ 
1 ic^To Ti/eu ^1 Tt*i v--<?iia<DWtw.mm* 

[0 0 3 4] 

[fii] 



(mAh/g) 



5 9 7 

5 9 1 

5 8 6 

5 6 8 



[0 0 3 7] COltlHM 1 (DWte^mm 1 «tl5)«<7)^ 

mcw& l/co 2 icstta 1 vm-stm 

[0 0 3 8] 
K2] 



(mAh/g) 



2 12 
1 5 3 
16 4 
13 6 



[0 0 4 0] H$£#J2~6 



(mAh/g) 



(mAh/g) 
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o o ymiz%£w Ltctmimmm 1 ^iqwcjEa^fm 

[004 1] £ cD^JfcfllJ 2 ~ 6 <D*5ft^IE115i%a 1 g 



y&u ^©i+M^ugcTjasssistT-^^uBro 

[0042] 
[f3] 













(Mm) 


(mAh/g) 


(mAh/g) 




5 


6 13 


6 0 8 




2 0 


5 8 6 


5 9 1 




5 0 


5 9 1 


5 8 3 


5U60U5 


10 0 


5 2 6 


5 3 2 




2 0 0 


4 9 6 


49 2 



[0 0 4 3] S3lc5Vr<fc-5l;: N mffiM 2 ~ 6 <Z>m%l 
©§Itl<> IEtI^8JJItf2 0 0 /LimSTJK&oT 

mam en« c lt^/c 0 

[0 0 4 4] Hfi£filJ7 
M-'^/H 5gt^777-<h2. 7 giiT'-fe^U 
>75>v?0. 3 g<t*;l/<P'*-»^7l/-fe/UP-X0. 

15ml roSsfiTK^JP LT 3 OftmMmLtc Ot>T'@ 
H2#6 0%<0tfU^h^7M>:*Ql^U>:7*iS;$2. 0 
g £flP*T* 61C 1 «IUI-a»LTIEa$SiJd^-X f~ 

[0045] Z. V>nmm 7 ©ffijfe^IEfiiSt&lff 1gife 

y 1 2 omAttiig!?«*^?%8ni«ff&^ gbmi 

©^ihSffitii. OV) , 5+t-<^;l/g©SiimSfi^IiJ 

£ u ^-tij; y iEffis%iHmtiSfia fc y ottwgss 

SM&fctC*. 5 8 3mAh/g<!:i§17Sofco 
[0 0 4 6] Hfi£0lJ8~1 2 



C©HBfiClj8~1 2Ttt, — ASiCN i S y Tf>*ft5- 
^;Wbffo©y<iI©S&5t><ft ; ££-G£U ^newiE 

[0 0 4 7] — m&M i ST***n^^;W^b%CO 
: mt-f^'JOUVATkmVB (Na 2 S-9H 
2 O) 6 0g*ffi«tt1 : 1 TiRaLtcX'? S-lbtM 

7kt<D^mm 1 o o gicmm-zit, cwc -\ og<Dft 



n&'pic&w&ZLtcm. kwm&dmf (n. n' - 

~J*=f->\,*l\,UT=. K) 2 5 0ml (CjSft?*^ ffiffi- 
•y^;UtO*=ffi% (N i (NO3 ) 2 • 6 H 2 O) 7 3 g 
£l)P;u iSTT 1 B$P^Sf5* -y-/co CtllcSfok10 0 
g^jjP^.T;3tiS*-t*T^6. js'MJII LT, ^y^HS 

[0 0 4 8] 7*. T'-trhV. 

5ft;f> LT 4 0 °CT— BftMSSat U 3S?fe<DIH*<b^%l 3 
6 g £i#/c<, 

[0049] mzntcit-smc-D^TTzmmfrZ'n^ 

^'I'^Oix^^l/CSM^^E^Jt^^'&A^es ytf 
1. 0. 2. 6s 3. 0. 5. 0O)-V+>VmVto*-£ 

[0 0 5 0] ±IB='y$-lWMbW*fliL\ USSflJ 1 ©IE 
- y'rl\>m.i\M*7 5%. tf'J 

>77 7^51 5%ICU X'J/^l/BMbt&KDSSfcSS 

[005 1] COSStffl 8 ~ 1 2 CDm&^IEIIS'HDfi 1 
g^fcy 1 2 0mAlcffla-r^«5it{iBTifE«m^T^ 

(»imco^±mE« 1 . ov) , 1 +y-<5ii>m<owm& 

[0 0 5 2] 
[S4] 
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N i S r ©yt 


(mAh/g) 


(mAh/g) 




1. 0 


5 8 6 


5 9 1 




2. 1 


6 0 2 


5 5 9 


zmmi o 


2. 6 


5 8 3 


5 5 1 


9ami i 


3. 0 


5 9 1 


5 0 9 


mmmi 2 


5. 0 


5 5 8 


3 9 0 



[0 0 5 3] ^4lc^-r^fr6B^6^%cfc5lc. HJg 
RltgTfeofco Sfc, — flSiCN i S y Oyfiltf 1 ~3(7> 

[0 0 5 4] §US#J1 3~1 8 

1 ©iBH^JOlS^lcfc^T. <K 'J 7 v itif- 'J 

figj££9 : 1 tcLTv C©^77 7-f h,h7-t:fl/> 

iv (n i s) ojESftftJ'f>a>$«s«;ira{*<z>d*i*# 



[0 0 5 5] C©ftBfi0!l1 3~1 S^&^tl^ftlE 

g^rcu i 2 omAte«3-rs«at«-P3fitt 

■*frl^ (tt«©»±«ffitt 1 . 0 V) % 

JUS t 5 tf-f *;US WaEflStoft^teMMI fc y ©ik® 

[0 0 5 6] 
[$5] 







(mAh/g) 


51M #;l/S(D^S 
(mAh/g) 


HJIffil 1 3 


5 


5 4 8 


5 7 7 


£S»« l 4 


1 0 


5 8 7 


5 8 0 


HJfiW l 5 


1 5 


5 8 6 


5 9 1 


e 


2 0 


5 7 5 


5 6 3 




3 0 


5 9 6 


6 0 0 


»KW1 8 


40 


5 8 2 


5 9 3 



[0 0 5 7] WW**$-3fc<E^L3S:fi»o 
fc^©amBS«t*3 0 8mAh/g^ SV-f^lUm 
CD§fi(i2 7 2mAh/g?$'A cnUUt^*^ *S 

?g(*«iB^LfcHS6«iji 3~i 8<nm ; Mt. mmms.. 

ilftOtlK 4 0 %*T»46Tt iESaifcll 1 g m 

«t«»Wtt)Mitf><45t, *©«SA,IE«;S«I> 
ft W^SfcMftT LTWftfc LTOSStiHHTFrSfc 

[0 0 5 8] ±§B©HS60IJT*l*. 5+H-^;l/@«D]»m§ 
SfclB^fcfc^ — flSxCN i S y T5*S , n*-v$-Jl/W 

[0 0 5 9] 



1 

1 a 

1 b 
2 

2 a 
2 b 
3 

4 
5 
6 



iESdMJI 
-fen'U— S" 
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[01] 




7U> h^—SftDtt* 

F 5H029 A J 03 A J 05 AK05 AL12 AM03 

AMOS AM07 HJ01 HJ02 HJ04 
5H050 AA07 AA08 BA15 CA11 CB12 
HA01 HA02 HA04 



